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1. Introduction 
This is che f i n a l  repor t  concerning research supported by the 
Xnstrmentat ion Division, Ames Research Center, Natfonal Aeronautics 
and Space Administration under grants  covering the  period 1 September 
1967 t o  31 August 1970, under s t e p  funding covering the  period 1 
September 1970 t o  31August 1972, and under a no-cost extension fmm 
1 September 1972 t o  31 August 1973. The research was concerned with 
t h e  use of d i g i t a l  computational techniques i n  the  ana lys i s  and 
synthesis  of DLA (gistributed-Lumped-Active) - - net?mrks. This class 
of networks cons is t s  of t h ree  d i s t i n c t  types of elements, namely, 
d i s t r ibu ted  elements (modeled by par t ia l  d i f f e r e n t i a l  equations),  
lumped elements (modeled by a lgebra ic  r e l a t i o n s  aad ordinary differ- 
engial equations), and active efemeats (modeled by crlgebraie relattc2ns1. 
Sueh a charac te r iza t ion  i s  appl icable  t o  a broad class of circuits, 
espec ia l ly  includfng those usual ly  re fer red  t o  as l i n e a r  in tegra ted  
ince the  fabr fca t ion  techniques f o r  such c i r c u i t s  r ead i ly  
produce elements which m y  be modeled as d i s t r ibu ted ,  as w e l l  as the  
more conventional l q e d  and active ones. The network functions which 
descr ibe d i s t r ibu ted  elements, however, involve hyperbolic i r r a t i o n a l  
functions of t h e  co1tip1ex frequency variable.  
fanstions make we of digieal- convputationak techdqu@s most 6 c s i r a b h  
'%he complexity of such 
lyzing and synthesizing these networks, It w a s  the purpose of 
t h e  research perfo-med under t h i s  grant t o  develop and apply a broad 
range of such techniques. 
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11. Detailed Research Goals 
The major a t t e n t i o n  of the  research performed, under t h i s  grant  
w a s  concentrated on two goals. "he f i r s t  of these was  the development 
of v iab le  large-scale d i g i t a l  computer software which had both ana lys i s  
and synthesis  c a p a b i l i t i e s  with respect  t o  the  TlEA c l a s s  of networks. 
The second goal w a s  the  appl ica t ion  of such software t o  a wide range 
of DLA c i r c u i t s ,  including both the optimization and improveEent of 
already-known configurations,  and t h e  inves t iga t ion  of new and o r i g i n a l  
ones i n  order  t o  explore t h e i r  p o t e n t i a l i t i e s .  The r e s u l t s  obtained 
i n  t h e  pursu i t  of these goals are t r ea t ed  i n  d e t a i l  i n  the  publ icat ions 
kfs ted i n  See. I V  of t h i s  report .  I n  t h i s  sec t ion ,  we w i l l  summarize 
some of the  major eontributfons documented in those items. 
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A f i r s t  problem which is  encountered f n  the  study of DLA networks 
is the  d i f f i c u l t y  of analyzing them. This problem is componnded be- 
cause e a s i l y  determined closed-form so lu t ions  f o r  t he  parametric repre- 
s,entation of t h e  d i s t r ibu ted  elements e x i s t  i n  only t h e  simplest cases 
of uniform, l i n e a r  and exponential t aper  elements, and not f o r  the gen- 
eral case. One of t h e  f i r s t  p ro j ec t s  undertaken i n  the  course of the 
research supported by t h i s  grant  w a s  the development of DLANET (Distributed- 
- Lumped-ActPve - NETWQPIC ana lys i s  program) , a general  purpose program for 
s inusoida l  steady-state arnalysfs of DLA networks 
for analyzing DLA c i r c u i t s  containing a wide range of d i s t r ibu ted  ele- 
ments, as w e 1 1  as lumped and ac t ive  ones. 
e f f ec t ive ly  and e f f i c i e n t l y  modeled f o r  a r b i t r a r y  spec i f fca t ions  of 
taper. 
BI,,ABET includes opt20~1s 
The d i s t r i b a t e d  elements are 
It has proven t o  be a usefu l  t o o l  i n  ny subsequent inves t iga t ions  
e 
of such c i r c u i t s .  
t h e  d i s t r ibu ted  elements i n  t h e  program is given i n  (41.' A comparison 
of these modeling techniques with o ther  numerfcal approaches for t h e  
determinatfon of the  parameters may be found i n  (131, 
t h e  modeling technique to t h e  case of d i s t r ibu ted  RC elements with 
multi-layers, and with two-dimensional va r i a t ions  of r e s i s t i v i t y  and 
The j u s t i f i c a t i o n  of the  modeling process used f o r  
An extension of 
contact pa t te rns  r a the r  than the  more usua l  one-dimensional ones is 
covered i n  (15). 
may be found i n  (2). 
aetuarl program is covered i n  (61, 
to include the  e f f e c t s  of d i f fe ren t ia l - input  a c t i v e  elements is given 
The thea rec t i ca l  b a s i s  f a r  the  ove ra l l  DLANET program 
The de ta i led  extension of t h i s  theory t o  the  
An extension of the bas ic  program 
in ( 8 ) .  
fncreases its capabffft2es is covered in ( 3 6 ) -  
A descr ip t ion  of a major rev is ion  of the  program which grea t ly  
One of the  ma-jo~ d i f f f c u l t f e s  encountered fn designing v i ab le  
synthesis  methods for DLA networks is the  d i f f i c u l t y  of dealfng wick 
the  t ranseendents l  i r r a t i o n a l  network functions describing such a i r c u i t s ,  
To overcome such d i f f i c u l t i e s ,  a general  purpose d i g i t a l  computer opti-  
mization program GOSPEL (Ganeral 9 t i a n i z a t f o n  Software Eackage f o r  
a e c t r i c a l  networks) w a s  developed. mfs program incorporates a wide 
range of sp t imixa t fsa  s t r a t e g i e s  and has proven t o  3e a v e r s a t i l e  and 
usefu l  t o o l  which has been applied wPth grea t  success t o  a wfde range 
of design problem i n  DLA network design, passive network synthesis, 
approximition theory, etc, In  addi t ion  GOSPEL has been successful ly  
appl ied t o  a broad spectrum of o ther  d i sc ip l ines ,  such as geological 
ers i n  parentheses r e f e r  t o  the  references given i n  Sec. IV, 
I '  
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studies ,  medical e lec t ronics ,  etc. 
l y  requested by users both i n  the  United States and abroad. 
sophy of the  program, together with l i s t i n g s  and flow charts  is thor- 
oughly descrfbed i n  ( 5 ) .  
An addi t ional  optimization s t ra tegy  whfhh was added t o  the package is 
discussed i n  (9). 
Copies of the program have been wide- 
The philo- 
A more general  presentat ion i s  given i n  (18). 
One of t he  major techniques found t o  be of use i n  the  appficatfon 
of t he  o p t i d z a t i o n  s t r a t e g i e s  implemented i n  the  GOSPEL software 
package is  one known as complex optfmization. 
d i r e c t  synthesis  of pole and zerb locat ions usdng i t e r a t i v e  methods. 
It was  developed under t h e  grant,  and w a s  o r ig ina l ly  described i n  (7). 
Additional d e t a i l s  concerning i ts  appl icat ion are given in (16) and 
(17). 
ed i n  (23).  
a rb i t r a ry  configuration, using the complex optimization approach is 
described i n  (14). 
optimization to DLA networks spec i f ied  only by means of t h e i r  topology 
is described i n  (42).  
This technique provides 
The use of the  method i n  sensitivity determination is  present- 
A general  subroutine for sgnthes%zfng I I U  metwcsrks of 
An In te rac t ive  program f o r  applying complex 
The optimization techniques developed i n  GOSPFZ, are Eurther 
applied i n  DLANAP, (Distributed-L~m~ed-Actfwe - I - Network - Analysis - Program), 
a coordinated set of d i g i t a l  computer programs which provide a wide 
range of t oo l s  f o r  DLA network design. 
domfnlPnt-singularfties, algorithms f o r  eonstrust ion of root-loci based 
design charts, the-domain response a n ~ l y s e s ,  s e n s i t i v i t y  s tud ies ,  etc. 
The DLAEAP programs are so atmettared t h a t  they may be used on moderate 
These include ~~~~~~~~~ of no¶- 
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s i zed  computers, 
freedom OR t he  p a r t  of t h e  usero  
d i g i t a l  computer algorjt 
They have many options to permit the grea te s t  poss ib le  
The o r i g t n a l  concept of t he  use of 
f o r  the  construct ion of root-loci based de- 
sign cha r t s  were given i n  (10). 
t a i l  i n  (26). 
The DLANAP programs are covered i n  de- 
The second goal of the research performed under t h i s  grant  w a s  the 
appl ica t ion  of d i g i t a l  c ~ ~ ~ p u t e l t  software to actual DLA c i r c u i t s .  
wide range of such inves t iga t ions  w e r e  made, and the r e s u l t s  are covered 
i n  d e t a i l  i n  t h e  list of publicat ions given i n  Sec. IV of thjts report .  
A 
Among these r e s u l t s  were the  following: 
1. A recomputation of t h e  usually accepted values of the  parameters of a 
lumped-distributed n u l l  network whfch showed those values t o  be i n  e r r o r  
2. Devefspmemrt of a DLk metwork sonfiguration ~hfei-i has 2er0 real-part  
s e n s i t i v i t y  t o  changes i n  the  gain of the  ac t ive  element independent of 
the Q of t h e  dominant poles (19), 
3. A general  D U  network configuration which r e a l i z e s  a dominant bi-  
quadra t ic  network function and only requires  four  network elements (21). 
An extensive set of design cha r t s  for t h i s  network h e; a l s o  been pre- 
pared (251, 
4. 
5 ,  
A new DLA bandpass network configuration (24) e 
A new DLA high-pass network configurat ion (24). 
pass network configurations (27) and (34) a 
8, 
llLA low-pass network (28) and (321, 
9.  
transmission zeros (22). 
10. 
oE complex conjugate zeros ( 3 4 1 ,  
11, 
Development of a means f o r  lowering the ser t s i t iv f ty  of a w e l l  known 
A three-layer d i s t r ibu ted  RC network which prodaces two sets of 
"he use of a three-layer d i s t r ibu ted  RC network to produce two p a i r s  
A BLA network which ha8 a second-order dominant all-pass c h a r a c t e r i s t i c  
(35) 
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